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Abstract 
The results of the numerical analysis of a joint of the steel beam to the timber girder are presented in the paper. The 
main aim of the work is to show the application of the commercial software based on the finite element method to 
obtain the stress distribution of bolted joints. Many geometrical bodies are defined to create the complex model. It 
means that the contacts between the bodies have to be applied to satisfy the interaction of the parts.  As a result, the 
way of the modelling has to be planned carefully to do it effectively. 
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1. Introduction 
Bolted joints have been widely used as a structural component suitable to connect two parts especially if they are 
made of different materials. In order to obtain precise stress results, the finite element method has been increasingly 
used to simulate effect of the loading on the joint. Nowadays, many commercial computer programs contain full 
range of functions that help to produce the geometry of the model. They are also able to generate the mesh with 
respect to the required accuracy of the results. Despite the fact that a lot of the steps can be generated automatically 
by computer programs, they should be leaded by an engineer who knows the effective ways of using these tools.  
This article presents some issues which can arise during the modelling of bolted joints. One of them is to produce a 
numerical model with an appropriate mesh particularly for the domain close to the contact between the bolt and 
other structural components. The stress results on the bolts are presented in the last part of the article. 
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2. Description of the numerical model 
The numerical simulation in this work considers a test specimen based on a real bolted joint used for a timber 
bridge. The selected joint connects a cross-beam and main timber girder. Dimensions of the test specimen were 
defined in proportion to the real structural components. Only a small part of the main timber girder was modelled 
just like the tested specimen had been made [1], [2].  Boundary conditions were applied to define the modeled part 
of main girder as a fixed body by applying zero displacement for upper lower and both side faces. 
The cross-beam is I-beam made of structural steel as well as the end-plate which is welded to the I-beam. The 
stiffness of the connection is increased by the shaped plate put between both parts perpendicular to the end-plate. 
Hence, this part is modelled as a shell structure beside the end-plate which has to be in contact with bolts.  
The isoparametric material is used for both parts made of steel and also for timber materials. The timber material 
should be defined as orthotropic material but the material characteristics for this type of material were not applied to 
obtain results for the simple model. The Young Modulus of the steel part is 210 GPa and Poisson’s ratio is 0.3 and 
the Young Modulus of the timber is 11 GPa and Poisson’s ratio is 0.3. 
 
 
Fig. 1. The geometry of the cross-beam and bolted joints. 
The care of generation of the appropriate shape of the mesh has to be pursued due to avoid having poor results. 
The mesh was made denser in the local area close to the bolts. It was important to do because of the cylindrical 
shape of the hole and the bolts. Having mesh with lower dimensions of the elements would have been created a hole 
with a shape closer to a rectangle than a circle.  
It is also desirable to apply fixity on the parts of the model which are not supported as a result of an inactive 
contact at the beginning of the solution. In this case it is possible to use axisymmetric conditions in the middle of the 
cross-beam to define zero displacement for horizontal directions. These boundary conditions did not influence the 
results of the solution. Consequently the convergence criterion was reached sooner for the time steps when the 
contacts are being activated. 
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Fig. 2. Mesh generated on the cross-beam and on the timber close to the contacts domain. 
 
The issues linked to the satisfaction of the convergence criterion were cut down by creating a rigid connection 
between the end-plate and bolts. Knowing the stress state in the timber material will be the main aim so this 
limitation did not affect the domain of the interest. Fig. 3 shows the cross-beam and the bolts which were defined as 
one body having different material characteristics for each part. 
 
 
Fig. 3. The mesh of the cross-beam and the bolts. 
3. The results of the numerical model 
The first step to obtain valuable results was to check if the mesh generated on the parts of the cross-beam is 
generated properly. Doing a solution for the whole model is not an effective way to find out the quality of the mesh 
on one part. The recommendations are mostly aimed on doing solution for each part separately and then follow the 
solution by defining contacts between parts. The same way was used to check the model of the cross-beam where 
the shell elements are connected with 3D elements. Fig. 3.  
The final solution is done at the end of the process. The loading was defined in the middle of the cross-beam as a 
force with value of 100 kN. The same loading was used for tested specimen. Fig. 4 shows the results of effective 
stress on the cross-beam. 
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Fig. 4. Effective stress on the cross-beam. 
The most interesting result is the response of the bolts on the prescribed vertical loading. Fig. 5 shows that the 
maximum values are at upper and lower edge of the bolts close to the heads. It means that there are bended that parts 
of bolts as a result of a low stiffness of timber. The loading of upper and lower bolts is higher to compare with bolts 
located in the middle of the joint. This is the result of the bending of the cross-beam. The different loading of the 
bolts is also influenced by the applied boundary conditions which define the timber structure as a fixed body for 
horizontal direction. There can be expected that results for real joints will be slightly different. Hence, the boundary 
conditions for the timber part of the model as a main girder are different, thus it does not act as a fixed body.  
 
 
Fig. 5 The effective stress on the bolts. 
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4. Conclusion 
The main objective was to study the local behavior of the structural components especially how to produce the 
appropriate FE model to obtain valuable results. For that purpose commercial software ADINA was used that offers 
necessary techniques for creating bodies and contact among them. The functionality of the software which is used to 
customize the density of the mesh is very useful. It helps to create a model that has lower demand for high power 
hardware. The stress analysis on the bolts confirms expectations which are usually used for simpler models that are 
recommended for practical design. In this case it is very important to cover the effect of the low stiffness of the 
timber. The following step will be to compare the results of the numerical solution with test results of the test. 
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